Bladder urothelial carcinoma is the most common genitourinary system cancer in China. The objective of this study was to investigate whether the miR-9 can regulate the invasion ability of human bladder transitional cell carcinoma cells by down-regulation of CBX7.
Background
Bladder urothelial carcinoma is the 9 th most common malignancy worldwide [1, 2] . It is also the most common genitourinary system cancer in China; 98% are epithelial malignancies, with the vast majority being transitional cell carcinomas (TCC) [3] . TCC occurs about 3 times more commonly in men than in women. The biological behavior of this disease shows numerous patterns, such as easy relapse, and multiple invasion and metastasis. Chinese and international data show the high incidence and mortality rates of bladder urothelial carcinoma, with an increasing trend in incidence in recent years. Surgical resection is still the most effective therapy for non-invasive TCC patients. Although chemotherapy based on BCG may reduce recurrence in patients, approximately 70% will recur and 25±30% will eventually progress to muscle invasive disease or distant metastasis [4, 5] . Thus, there is an urgent need to find new therapeutic targets and strategies, which may be helpful in understanding the molecular mechanisms and improving TCC therapy.
Recently, microRNAs (miRNAs) have emerged as key regulators of gene expression stability, providing a new dimension of tumor research [6, 7] . These small, non-protein-coding RNAs are molecules of 22 nucleotides transcribed from primary transcripts (pri-miRNAs) and precursor miRNA (pre-miRNA) cleaved by Dicer. The mature miRNAs incorporate into the RNA-induced silencing complex (RISC) that regulates the expression of target gene at post-transcriptional level. Through this mechanism, miRNAs influence various cellular activities, including cell differentiation, proliferation, and apoptosis under normal and disease conditions [8, 9] . A growing body of evidence indicates that approximately 20-30% of human genes are regulated by miRNAs. Around 580 miRNAs have been identified and more than 1000 are predicted to exist in humans [10] [11] [12] . Recent studies have reported that some miRNAs act as oncogenes or tumor-suppressing genes, which could be involved in the genesis, progression, and metastasis of tumors [13] [14] [15] . Genome-wide miRNA expression profiling found aberrant expression of miR-9 in some kinds of malignant tumors, including gastric cancer and breast cancer [16, 17] . However, there have been no reports on the expression and function changes of miR-9 in TCC, and the molecular regulative mechanism of miR-9 to TCC progression is unknown.
Our previous microarray assays found that miR-9 had higher expression in TCC samples than in controls, suggesting that miR-9 might be an oncogene in tumorigenesis of bladder carcinoma. In the present study, we investigated the molecular mechanism of miR-9 regulates invasion ability of bladder carcinoma cells. Further related research might be helpful in developing new therapies against TCC.
Material and Methods

Clinical specimens
A total of 57 TCC and 32 NBTC specimens were surgically collected after informed consent from patients ages 47-62 years. The non-muscle-invasive bladder cancer samples were collected by transurethral resection of bladder tumour (TUR-BT), and the muscle-invasive bladder cancer tissue was collected by radical cystectomy. Patients in the same age group undergoing suprapubic transvesical prostatectomy, lithocystotomy, and cystostomy for nonmalignant conditions served as NBTC controls. About 500 mg of tissue was collected from each subject. Histological identification of TCC was confirmed according to the World Health Organization criteria. Participants provided written informed consent to participate in this study. Written informed consent (as outlined in the PLOS consent form) was obtained to publish these case details. All protocols were reviewed and approved by the Ethics Committee of China Medical University.
Quantitative real-time PCR
After total RNA was extracted from tissue and cell samples, cDNA was synthesized and used to detect the mRNA expression using a miRNA detection kit (Invitrogen, USA) [18] . The samples were normalized to 18s and the 18<CT<30 were calculated with 2 -DDCT using the Applied Biosystems 7500 device.
Cell culture
The human TCC cell line T24 was stored by our laboratory. The cells were cultured in DMEM medium supplemented with 10% fetal calf serum and incubated at 37°C with 5% CO 2 .
Transfection
An appropriate concentration (about 80%) of resuspended T24 cells were seeded into a 24-well plate for transfection assay using Lipofectamine™ 2000 Reagent (Invitrogen, USA) in accordance with the manufacturer's instructions. A total of 100 nM microRNA mimics or controls were used for the functional assays. Suitable amounts of pcDNA-CBX7 and the same procedures were used for CBX7 up-regulation with Transmessenger Regent, following the manufacturer's instructions.
Western blotting
Total protein was extracted using RAPI buffer. Constant 50 μg protein was loaded into SDS-PAGE 8-10% for electrophoresis, transferred onto PVDF membranes, and hybridized with a primary antibody, followed by a horseradish peroxidase-conjugated secondary antibody. After ECL reaction, gray assay 226 
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were performed by ImageQuant 5.2 software. All procedures were done as describe previously [19] . b-actin was used for the reference.
Vector construction and Luciferase reporter assay CBX7 3'UTR luciferase reporters were constructed by Life Technology Company (USA). In brief, EST clone containing the 3'UTR sequences of CBX7 mRNA was constructed into the wildtype (Wt) vector, and the corresponding nonsense point mutations were drawn into the specific binding site (seed zone) to construct the mutation type of vector (Mut). After cells were seeded in a 24-well plate for 24 h, 100 ng CBX7 3'UTR luciferase construct and 400 ng microRNA mimics were cotransfected using Lipofectamine™ 2000 Reagent. After 48 h, the luciferase activity was detected with the Dual-Glo™ Luciferase Assay System (Promega, USA). To normalize the transfection efficiency, the b-galactosidase expression vector was transfected in each experiment. The relative luciferase activity was calculated by luciferase activity of firefly to Renilla.
Invasion assays
After a pretreatment with miRNA mimics or siRNA for 3 days, transwell assay was carried out by using a Transwell chamber (Qiagen, German) with pore size of 8.0 μm. The Transwell chamber was coated with Matrigel. Total 2×10 5 cells were suspended in 200 μl serum-free medium and seeded in the upper compartment of the chamber. The lower compartment was loaded with 750 μl full culture medium containing 10% FBS. After being incubated at 37° for 12 h, the membrane was fixed with formaldehyde, and stained with hematoxylin. Then, the trans-membrane cells were counted.
Statistical analysis
All experiments were done 3 times. All numerical data are presented as mean ± standard deviation (SD) and processed with SPSS 13.0 software (SPSS, USA). Differences were evaluated with ANOVA in nonparametric statistics and t test. When P value was lower than 0.01, there was statistical significance, indicated by (*).
Results
MiR-9 up-regulated in TCC specimens
To search for the possible effect of miR-9 in TCC, the expression level of miR-9 was first detected in TCC and NBTC by SYBR-Green quantitative real-time PCR. The experiment results showed that, in contrast with NBTC tissues, the miR-9 expression in TCC tissues were significantly (p<0.01) up-regulated ( Figure 1A) . Those results indicate that miR-9 might be involved in TCC development. Further, the expression of miR-9 in invasive TCC tissue was significantly higher than that of superficial TCC (p<0.01) ( Figure 1B ).
MiR-9 represses CBX7 expression in T24 cells
TargetScan and PicTar predicted that the CBX7 gene was a target gene of miR-9. To determine the interaction between miR-9 and CBX7 gene, the luciferase reporter assay was used. The pre-miR-9 and reporter vectors were cotransfected into T24 cells. The relative luciferase activity in T24 cells decreased with WT vector by enhanced miR-9 level, and the above-mentioned inhibitive effect could be recovered with Mut vector. These results suggest that the CBX7 gene was a specific and direct target gene of miR-9 (Figure 2A, 2B) .
To ascertain the regulative effects of miR-9 to endogenous CBX7 expression, the pre-miR-9 was transfected to T24 cells, and the CBX7 expression was detected by quantitative realtime PCR and Western blot. In these experiments, the blank T24 cells and T24 cells transfected with nonsense microRNA control were selected to be controls. The results showed that, in contrast to controls, the expression level of CBX7 mRNA was not significantly altered in T24 cells (data not shown), whereas the expression of CBX7 protein was significantly down-regulated (Figure 2C,  2D) . These results verified that miR-9 could inhibit the expression of CBX7 at the post-translational level.
Over-expression of CBX7 inhibited T24 cells invasion
The pCDNA-CBX7 was transfected into T24 cells to up-regulate the CBX7 expression. The TCC T24 cell line was selected because it imitates TCC biology better than other TCC cell lines, especially cell invasion ability. After transfection with pCDNA-CBX7, Western blot was used to confirm the over-expression of CBX7 protein (Figure 3) . Then, transwell assay was used to detect the invasion ability of T24 cells. The results show that the invasion ability of T24 cells with CBX7 over-expression decreased remarkably. These results suggest that the over-expression of CBX7 suppresses T24 cells invasion.
Discussion
The expression of target genes related to various tumor cellular activities, such as apoptosis, invasion, and malignant proliferation, are inhibited by miRNAs. Recent studies have reported the abnormal expression and functions of miRNAs in human cancers. Several studies have shown that up-regulation of miR-9 gene expression was followed by enhanced tumor cell invasion and poor prognosis [20, 21] . In the present study, miR-9 was up-regulated in TCC, suggesting that miR-9 might play a role in TCC tumorigenesis, but its role in this is not yet entirely clear. Aberrant miRNA expression can regulate critical biological processes, including cell proliferation and invasion, which may promote TCC development and lead to poor prognosis [22] . Further, the expression of miR-9 in invasive TCC tissue is significantly higher than that of superficial TCC. Therefore, our results indicate that miR-9 is critical for the development of human TCC, especially the invasion ability of TCC.
Because miRNAs target different genes, such as miR-34a, Tgif2, miR-320a, and ITGB3 [23, 24] , we speculate that miR-9 can regulate some single genes to modify the regulation network and trigger cell invasion in TCC. Computational algorithms are effective tools to predict and validate the miRNA gene targets. Through analysis using TargetScan and PicTar, a number of 
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important candidate targets for miR-9 were predicted. Among these potential targets, CBX7 is the most intriguing target.
CBX7 is a Polycomb protein member of the Polycomb-repressive complex 1 (PRC1), a multiprotein complex that, together with the polycomb repressive complex 2(PRC2), maintains important developmental genes in a transcriptionally repressed state [25] . Moreover, further studies have shown that the correlation of the loss of CBX7 with a highly malignant phenotype and a consequent poor prognosis is a general event in oncology [26, 27] . In fact, the loss of CBX7 expression has been recently shown to be associated with increasing malignancy grade in several human carcinomas, whereas the retention of CBX7 expression correlates with a longer survival of patients with colon and pancreatic cancer [28, 29] . Therefore, it is reasonable to hypothesize that the loss of expression of CBX7 may play a key role in cancer progression. Consistently, CBX7 is able to counteract the decreased expression of the E-cadherin gene, whose loss of expression is a feature of the epithelial-mesenchymal transition, playing a critical role in maintaining normal epithelial cell morphology [30] . Therefore, the CBX7 gene acts as an anti-oncogene to repress the epithelial-mesenchymal transition, which was proven very important for dissemination of tumor cells.
Our results obtained from gain-of-function approaches confirmed that CBX7 is a specific and direct target gene of miR-9. Firstly, over-expression of miR-9 remarkably reduced the luciferase activity in T24 cells transfected with WT vector and premiR-9. Secondly, the nonsense point mutations at seed zone of 3'UTR of CBX7 could be restored by the inhibitive effect of miR-9 enhancement. Thirdly, miR-9 over-expression repressed the expression of CBX7 protein post-transcriptionally. In summary, these results affirmed that CBX7 is a specific and direct target gene of miR-9.
In addition, our studies have found that pcDNA-CBX7 could up-regulate the CBX7 expression, and could sharply inhibit the invasion ability of T24 cells. All these results indicate the following: miR-9 functions as an endogenous siRNA for CBX7 in TCC, up-regulation of miR-9 in TCC could inhibit the expression of CBX7, and low-expression of CBX7 lost its inhibitive effects on invasion. Thus, the identification of CBX7 as a target gene of miR-9 could explain why the over-expression of miR-9 functions as an oncogene in TCC. However, further research is necessary to gain a full understanding of the underlying molecular mechanisms involved.
Conclusions
In conclusion, miR-9, up-regulated in TCC, functions as an oncogene, partly through targeting the CBX7 gene. This adds to our understanding of the molecular mechanism of TCC genesis, and shows us a strategy by which miR-9 might act as a new therapy target for TCC. Nevertheless, further research is essential to identify the detailed molecular mechanism of miR-9 in the genesis and development of bladder carcinoma.
